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Abstract
Background: An adolescent’s perceptions of their family’s and friends’ smoking attitudes and behaviour can
influence their own uptake of smoking. There are two broad sources of such social influence: observing the behaviour
directly, and assimilating attitudes.
Methods: We analysed data collected for the evaluation of Dead Cool, a school based smoking prevention
intervention in Northern Ireland (n = 480 in 20 clusters). The main analysis fits three nested logistic regression models
predicting pre-intervention susceptibility to taking up smoking, as reflected in responses to three attitudinal
questions. Model 1 includes only personal characteristics as explanatory factors. Model 2 adds the behaviour of friends
and family that would provide an opportunity for social influence through observational learning. Model 3 adds the
susceptibility of friends.
Results: Each additional group of variables improved the model fit (with reduced AIC and BIC). However, in the final
model, only three variables were found to be statistically significant (p < 0.05) in predicting susceptibility to smoking
initiation: rebelliousness (OR [ 1.1, 1.3]) from the personal characteristics group; and, in the observational learning
group, being friends with a smoker (OR [ 1.0, 2.9]) and frequency of being in the same room or car with someone
smoking (OR [ 2.0, 9.0] for most frequent). Adding the two measures of diffusion of susceptibility through the
friendship network improved the model fit, but neither was found to be statistically significant.
Conclusions: The analysis provides additional evidence to support policies that could reduce children’s exposure to
smoking behaviour, and potential subsequent smoking initiation. No conclusions could be drawn about the diffusion
of smoking attitudes through the school friendship networks of children.
Keywords: Social contagion, Smoking prevention, Adolescents
Background
It has long been established that an adolescent’s per-
ceptions of their family’s and friends’ smoking attitudes
and behaviour influence their chances of becoming smok-
ers themselves [1–3]. Such influence operates directly on
smoking behaviour, but also indirectly through intention
to smoke [4, 5]. Potential mechanisms for this influence
include exposure to behaviour modelling and smoking
tolerant social norms (from Social Cognitive Theory, [6]).
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Peer influence is only one of many factors considered
in the diverse theoretical lenses that have been applied to
adolescent smoking [4]. Some of these theories emphasise
individual characteristics such as gender or response to
stress, while others highlight the relationship between an
adolescent and social groups in the form of social bond-
ing or support rather than peer influence. Of course,
these factors may also contribute to adolescent smoking
behaviour in combination [4].
Several studies have used social network analysis meth-
ods to investigate the relationship between adolescent
smoking, their network of friends, and the smoking sta-
tus of those friends [7] (Montgomery S, Donnelly M,
Bhatnagar P, Carlin A, Kee F. Hunter RF: Peer social
network processes and adolescent health behaviours: a
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systematic review, submitted). A recent meta-analysis [8]
identified 39 studies that estimated the effect of the
smoking status of nominated friends (referred to as
close friends in the analysis) on smoking initiation or
continuation. Additionally, there is strong evidence that
smoking and friendship co-evolve during adolescence [9];
non-smokers with friends who smoke are more likely to
become smokers, and smoking status is one of the fac-
tors contributing to the choice of friends. In network
theories, similarity within friendship groups is referred to
as homophily, and these mechanisms are referred to as
influence and selection effects respectively [4, 10].
However, these analyses consider smoking behaviour, or
attitudes formed after smoking behaviour has been initiated.
To the extent that attitude contributes to behaviour, such
as posited by the well-established Theory of Planned
Behaviour [11], peer influence studies that examine smoking
cannot detect network diffusion of attitudes that predispose
suchbehaviour. In particular, if similar attitudes to smoking
contribute to the selection of friends and those friend-
ship networks predate smoking behaviour, then the dif-
fusion of smoking behaviour will appear as an influence
effect.
Network studies have also found effects that are unre-
lated to the smoking status of friends. For example, smok-
ing is positively associated with popularity (the number
of friend nominations received), but also with having no
friends [7].
In Northern Ireland in 2013, 6% of children aged 11-
16 smoked at least monthly, and 12% believed it was
okay for someone their own age to smoke at least weekly
[12]. Of those who have ever had a cigarette, 77% had
their first cigarette aged between 12 and 15 years, spread
approximately equally for each age [13].
Dead Cool is a school based smoking prevention pro-
gramme developed by Cancer Focus Northern Ireland
[14]. It comprises materials for four lessons to be deliv-
ered by teachers in their own classes. Teacher training
is also provided. The lessons explicitly cover social and
environmental influences on smoking, including smoking
behaviour of friends and family, and media placement of
cigarettes. It is intended to encourage students to recog-
nise and challenge such influences.
In this study, we used data from the evaluation of
Dead Cool to investigate the role of the social environ-
ment in attitude formation in young adolescents prior to
initiation in smoking behaviour. We examine the asso-
ciation between smoking susceptibility of young non-
smokers (defined below as a composite of smoking related
attitudes, see [15]) and two types of social environment
influences. Observational learning measures describe the
(perceived) smoking behaviour of friends and family.
Diffusion effects measure the potential diffusion of sus-
ceptibility over a friendship network.
Methods
Dead Cool was evaluated using a randomised controlled
trial in 20 school classes (of size 16 to 31) with a total of
480 Year 9 students (aged 12 or 13 years). The classes were
recruited from 17 schools. For 14 schools able to be paired
by school characteristics, one class was selected from each
school and assigned randomly to the intervention or con-
trol group. Two classes were selected from the other three
schools as a control and intervention pair, because a sec-
ond school with similar characteristics was not available.
Full details are available in the evaluation [14].
A 28 question survey was completed by students in the
trial pre/post intervention and at three months follow-
up. This questionnaire covered demographic information,
own smoking behaviour, smoking by friends and family,
and attitudes to smoking (see Additional file 1). Carbon
monoxide in exhaled breath was also tested to confirm
smoking status. One question asked students to nominate
their five closest friends in their class.
All data processing and statistical analyses were per-
formed in R ([16], [version 3.2.2]).
Outcomemeasure: susceptibility to smoking
As expected in this age group, smoking prevalence was
very low in the study population, consistent with the
smoking prevention objective of the intervention. Only 19
students at pre-intervention reported that they smoked,
and seven students recorded a carbon monoxide level in
exhaled breath that indicated smoking. Themain outcome
variable for this study is therefore whether the student
is susceptible to smoking (yes or no). Susceptible non-
smokers have been shown to have approximately twice the
likelihood of smoking uptake as those not susceptible [15].
Susceptibility is constructed from three questions:
• Do you think you will try a cigarette soon?
• If one of your best friends were to offer you a
cigarette, would you smoke it?
• Do you think you will smoke a cigarette at any time in
the next year?
The student was coded as not susceptible if they answered
‘No’ (from three choices), ‘Definitely not’ (from five
choices) and ‘Definitely not’ (from five choices) respec-
tively to these questions. The student was coded as sus-
ceptible with any other set of responses. If the student
failed to respond to one or more of these three questions,
susceptibility was coded as missing.
Explanatory measures
Ten explanatory measures were examined in three groups:
personal characteristics, social environment, and diffu-
sion of susceptibility. Both the social environment and
diffusion groups concern social influence, however they
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differ in potential mechanisms for that influence. The
social environment group comprises measures of observ-
able behaviour, whereas susceptibility cannot be perceived
by other students.
The personal characteristics variables comprised gen-
der, relative deprivation, rebelliousness and life satisfac-
tion, which are known to be associated with smoking
[3, 17]. Deprivation is the Northern Ireland Multiple
Deprivation Measure [18] decile, coded from residential
address. Rebelliousness was scored from 0-12 by summing
four items (see question 23) asking how well statements
such as ‘I get in trouble at school’ describe themselves.
Life satisfaction was scored from 0-20 by summing agree-
ment with five items such as ‘My life is going well’ (see
question 22).
The observational learning variables comprised four
measures of behaviour associated with smoking uptake
[3, 5], whether anyone in their immediate friends and fam-
ily is a smoker, and the frequency of exposure to smoking
in the same room or car. Two measures aggregated fam-
ily members and friends respectively from the detailed
list of people they know who smoke (see question 12) to
construct binary responses to whether at least one family
member smokes (mother, father, step-parent, brother or
sister) and whether at least one friend smokes (boyfriend
or girlfriend, some friends of my own age, some older
friends, some younger friends). The list of people they
know who smoke was separately combined with the list of
who the student lives with (see question 5) to construct a
binary measure of whether the student lives with at least
one smoker.
Four questions (see 14 to 17) asked about how often the
student was in the same room or car as someone smoking.
The responses were combined into a three level measure
of smoking exposure: ‘Frequently’ if at least one was in the
two most frequent categories, ‘Sometimes’ if none were in
the frequent categories and at least one was in the mid-
dle two categories, and ‘Never’ if the response to all four
potential situations was ‘Never in the past year’.
The diffusion of susceptibility variables combined net-
work data collected in the study with smoking attitude
responses of the nominated network members, to permit
investigation of potential diffusion of attitudes over per-
sonal networks. Each participant was asked to nominate
up to five friends from their class. The nominees were
coded using each student’s unique identifier, with a sepa-
rate code where a nominee was unable to be matched to
a trial participant. The coded nominations were used to
create directed edges in a social network of participants
(using the igraph package in R). For each student, the
measure ‘out-susceptible’ was calculated as the proportion
of their nominees who were susceptible. Separately, the
measure ‘in-susceptible’ was calculated as the susceptible
proportion of students who nominated that student.
Note that there is no expectation that the nominated
friends are the same as the friends referred to in the ques-
tions about the smoking status of friends, there may not
even be overlap. The nominations are restricted to people
in the same school class. The questions about the smoking
status of friends refer to whoever the respondent perceives
as a friend.
Statistical analysis - pre-intervention smoking
susceptibility
Preliminary analyses constructed simple logistic regres-
sion models of susceptibility for each of the ten explana-
tory factors of interest individually. Those factors that
attained a statistical significance level of p < 0.1 were
retained for further modelling.
Multi-variate mixed-effects logistic regression models
(glmer procedure in the lme4 package) were constructed
in three stages. For all models, school class was included as
a random effect, as students were randomised at the class
level. These models explored the association between pre-
intervention susceptibility with the retained explanatory
factors in groups, starting with the personal characteris-
tics, then adding the observational learning and diffusion
of susceptibility variables at later stages.
Model 1 included all personal characteristics retained
from the preliminary analysis. Model 2 included the sta-
tistically significant (p < 0.05) variables fromModel 1 and
added retained observational learning measures. Model
3 included the statistically significant (p < 0.05) vari-
ables from Model 2 and added the retained diffusion of
susceptibility variables.
The three multivariate models were compared using
their Akaike information criterion (AIC) and Bayesian
information criterion (BIC; both obtained using the
glmerMod procedure in the lmerTest package) to assess
whether the additional explanatory variables improved
the model fit.
Statistical analysis - change in smoking susceptibility
We examined change in susceptibility over the three
waves with two approaches. The initial analysis used
stochastic actor-oriented models, the standard method
to estimate the relationship between network structure
and behaviour of individuals within the network [19, 20].
We applied these models to understand the diffusion
of susceptibility over the three time points. The stan-
dard approach is to construct separate models to estimate
effects within each network, and then conduct a meta-
analysis to estimate effects that differ between networks.
We constructed a separate model (with the RSiena
package version 1.1 [21]) for each class where at least
80% of the students provided identifiable friendship nom-
inations for all three time points. Susceptibility was
included in the model as the behaviour variable to be
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explained, with susceptibility of friends as the key explana-
tory behaviour co-variate. Gender and rebelliousness
scores were included as explanatory factors for network
structure (that is, friendship formation) as well as typical
network structure effects such as transitivity. In addition,
intervention group was retained for the meta-analysis
to allow the network diffusion of susceptibility to differ
between the intervention and control groups.
Convergence of these stochastic actor-oriented mod-
els was poor. Therefore, we also constructed mixed-
effects logistic regression models (glmer procedure in
the lme4 package) to investigate susceptibility at post-
intervention or follow-up adjusting for prior susceptibil-
ity. Other explanatory variables were intervention group
(to adjust for any effect of the Dead Cool intervention),
the statistically significant factors from the susceptibil-
ity at pre-intervention model, and the network influence
variables. These models are simpler than stochastic actor-
oriented models, ignoring network changes between sur-
vey waves. As for the baseline susceptibility, school class
was included as a random effect.
Results
Descriptive analysis
At pre-intervention baseline, 141 of 480 students (29%)
were assessed as susceptible to smoking, 290 (60%) as
not susceptible, with the remaining 49 (10%) unable to
be assessed. The susceptible students were more likely to
have smokers in their social circle and be in the pres-
ence of smoking more frequently than non-susceptible
students (see Table 1).
Overall, there was a small increase over time in the
number of students assessed as susceptible to smoking,
but there was change in both directions. Between pre-
intervention and post-intervention, 44 students became
susceptible and 34 became not susceptible. Between post-
intervention and follow-up, 39 became susceptible and 31
became not susceptible (see Table 3).
Susceptibility at pre-intervention
Univariate regressions found no evidence that Gender
(p = 0.67) or Deprivation (p = 0.22) explain pre-
intervention susceptibility in the Dead Cool study and
they were excluded from further analysis. The remaining
eight variables were used to construct three multivariate
regression models (results at Table 2).
Model 1 included the personal characteristics explana-
tory variables, of which only Rebelliousness and Life Sat-
isfaction remained. Only Rebelliousness was significant
(p < 0.001) and it was combined with the observational
learning variables for Model 2.
Model 2 was a better fit with the dataset than model 1
(AIC improved from 456 to 429), indicating the impor-
tance of the observational learning factors in explaining
Table 1 Characteristics of students by susceptibility to smoking,
at pre-intervention
Population Susceptibility1
Yes No
Students 480 141 290
Personal characteristics
Gender (M/F)2 251/228 75/66 144/145
Deprivation decile: mean [SD] 0.41 0.43 [0.31] 0.40 [0.29]
Rebelliousness: mean [SD] 3.9 4.9 [2.6] 3.4 [2.5]
Life Satisfaction: mean [SD] 14.5 14.2 [2.4] 14.6 [2.3]
Nominations received: mean [SD] 3.6 3.7 [2.3] 3.8 [2.4]
Observational learning
Live with a smoker 43% 54% 37%
Smoker in family 48% 60% 42%
Friends with a smoker 34% 52% 26%
Smoking presence: Never 26% 11% 34%
Smoking presence: Sometimes 29% 27% 30%
Smoking presence: Frequently 45% 62% 37%
Diffusion of susceptibility
Nominated friends susceptible 34% 41% 29%
Nominators susceptible 34% 45% 29%
1Susceptibility could not be assessed at pre-intervention for 49 students as they
were either absent on the survey date or did not respond to at least one of the three
relevant questions
2One student did not identify their gender
Table 2 Odds ratios for susceptibility to smoking by personal and
social environment characteristics (with 95% confidence interval)
Model 1 Model 2 Model 3
Personal characteristics
Rebelliousness 1.2 (1.1-1.4) 1.2 (1.1-1.3) 1.2 (1.1-1.3)
Life Satisfaction 0.9 (0.9-1.0)
Observational learning
Live with a smoker 1.9 (0.7-5.7)
Smoker in family 0.5 (0.2-1.4)
Friends with a smoker 2.0 (1.2-3.3) 1.7 (1.0-2.9)
Smoking presence: Never Reference Reference
Smoking presence: Sometimes 2.4 (1.2-5.3) 3.0 (1.4-7.4)
Smoking presence: Frequently 4.2 (2.0-9.2) 4.2 (2.0-9.9)
Diffusion of susceptibility1
Nominated friends susceptible 2.9 (1.0-8.8)
Nominators susceptible 1.0 (0.3-3.1)
Model fit: AIC 456 429 383
Model fit: BIC 472 460 413
1These variables are proportions; a unit change is the difference between none and
all nominations or nominators being susceptible
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Table 3 Susceptible proportion of nominated friends, by
susceptibility pattern
Susceptible? Intervention group Control group
n Susceptible n Susceptible
Pre-intervention to Post-intervention
No to No 112 29% 103 25%
No to Yes 22 36% 22 33%
Yes to No 17 42% 17 36%
Yes to Yes 48 48% 43 49%
missing 44 52
Post-intervention to Follow-up
No to No 108 25% 93 26%
No to Yes 16 44% 23 45%
Yes to No 20 49% 11 40%
Yes to Yes 51 47% 41 45%
missing 48 69
susceptibility to smoking. The variable with the largest
effect was how often the respondent is exposed to smok-
ing in the same room or car as the subject. Those with
frequent exposure (at least weekly) were much more
likely to be susceptible than those not exposed in the
last year (odds ratio with 95% confidence interval (OR)
4.2[ 2.0, 9.9]). Having at least one friend who is a smoker
was also statistically significant (p < 0.01) in predicting
susceptibility. Neither living with a smoker or having at
least one family member who is a smoker was statistically
significant (p > 0.05), adjusting for the other variables.
Model 3 jointly modelled rebelliousness, having a friend
who is a smoker, and frequency of exposure to smoking
with the two diffusion measures as predictors of suscep-
tibility. While neither of the diffusion of susceptibility
measures was statistically significant (p > 0.05), model
3 was a better fit than model 2 (AIC improves from
429 to 383).
Change in smoking susceptibility
Of 384 students for whom data were available, 78 changed
their susceptibility status between pre-intervention and
post-intervention (see Table 3). Similarly, 70 of 363
responding students changed their susceptibility status
between post-intervention and follow-up. These status
changes occurred in both directions, with a slight increase
in the number susceptible over time in the control group,
consistent with the vulnerability of this age group to
becoming smokers.
After adjusting for existing susceptibility and any effects
of the intervention, there was no consistently significant
relationship between future susceptibility and any of the
modelled measures (see Table 4 for results). Two social
Table 4 Odds ratios for susceptibility to smoking by selected
characteristics (with 95% confidence interval), adjusting for
susceptibility at previous time point
Pre-/post-intervention Post-/follow-up
Existing susceptibility 10.7 (5.8-20.5) 8.6 (4.6-16.8)
Intervention: Control Reference Reference
Intervention: Intervention 0.8 (0.4-1.6) 0.7 (0.3-1.3)
Rebelliousness 1.1 (0.9-1.2) 1.1 (1.0-1.2)
Friends with a smoker 2.8 (1.4-5.3) 1.4 (0.7-2.7)
Smoking presence: Never Reference Reference
Smoking presence: Sometimes 1.0 (0.4-2.5) 1.9 (0.8-4.9)
Smoking presence: Frequently 1.2 (0.5-2.8) 3.0 (1.3-7.7)
Nominated friends susceptible 2.3 (0.5-9.0) 1.4 (0.4-5.6)
Nominators susceptible 0.7 (0.2-2.4) 3.5 (1.0-12.8)
1The relevant time points are pre-intervention (pre-), post-intervention (post-) and
follow-up
environment measures that were associated with suscep-
tibility at pre-intervention, were also found to be signif-
icantly associated with change of susceptibility: friends
with a smoker for pre-intervention to post-intervention,
and frequently in the presence of smoking for post-
intervention to follow-up. Of particular interest for this
study, changes in susceptibility were not found to be asso-
ciated with the proportion of nominated friends who
are susceptible to smoking, the indicator of hypothesised
behaviour diffusion.
We constructed stochastic actor-oriented models to
more formally explore the potential role of the nominated
friends network in diffusing susceptibility. Only 10 of the
20 classes (4 control and 6 intervention) provided data of
sufficient completeness for modelling, with at least 80%
of students nominating at least one friend in all three
waves. However, model convergence was poor and the
analysis provided no evidence about the potential role
of susceptibility of friends in influencing smoking sus-
ceptibility through network diffusion. Full details are at
Additional file 2.
Discussion
This study highlights the important influence of an
adolescent’s social environment on their attitudes and
propensity to take up smoking. There are many features of
the social environment that could affect the way in which
such influence is realised. In this study, these features
include:
• source of influence: family members, friends, and
friends within the class;
• content: their smoking behaviour, and attitude as
measured by the susceptibility construct; and
• transparency: whether the person being influenced
can perceive the content.
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The influence of friends and family as role models for
smoking is already established [3, 5]. Behavioural inter-
ventions that are delivered to individuals are only able to
address such influences indirectly. For example, one of the
four Dead Cool video and discussion sessions focused on
the effect of such influences [14], but there was no attempt
to educate parents so as to reduce exposure of participants
to their parents’ smoking.
School based interventions directed to individuals also
affect the social environment of participants simply
because some friends may also be participants. The way
in which the school environment interacts with other ele-
ments of the social environment is poorly understood.
This study adds to the evidence base for designing com-
plex interventions that operate more broadly than the
individual. The smoking status of friends and the fre-
quency of being in the close presence of smoking were
both found to be significantly associated with suscepti-
bility and with change in susceptibility (adjusted for any
effects of the Dead Cool intervention).
There is growing recognition of the need to consider
behaviour in context [22], and in developing interventions
that explicitly address the social environment. Network
interventions [23] consider friendship or other social net-
works in the intervention design. Broader policy initia-
tives such as the October 2015 United Kingdom ban of
smoking in cars where minors (aged to 18) are present
may also impact on the social environment. While this
was introduced to reduce passive smoking, compliance
would also reduce the frequency of children and adoles-
cents being in the presence of smoking. The analysis of the
Dead Cool study suggests that individually delivered inter-
ventions would be most effective as part of a programme
that also includes such broader initiatives.
With regard to the potential diffusion of susceptibility
through social networks, this study does not provide any
evidence to support such diffusion. This outcome should
not be taken as evidence of no contagion as the methods
we used for assessing the association between the sus-
ceptibility of individuals and their friends were relatively
insensitive, given that too few students changed suscep-
tibility over the observation period. That is, the results
suggest that the dataset was underpowered for this partic-
ular research question, a common difficulty when fitting
models with co-evolving networks and behaviour [24].
As Dead Cool was delivered at the school class level,
friendship network data was only available for class,
limiting the study. Students may have different class-
mates for different subjects, based on ability or sub-
ject choice. Thus, the class in which Dead Cool was
delivered and therefore the network nominated may not
identify the strongest peer influences. The significant
association between susceptibility and the smoking sta-
tus of unspecified friends supports the interpretation
that there is limited overlap between the two types
of friends in this study. Adolescent risk behaviours
have been shown to be more strongly associated with
friendship networks where the boundary is set more
broadly [25], and future studies would benefit by including
full school years instead of selected classes within a
school year.
The limited power was exacerbated by the high level of
missing data for susceptibility (see Tables 1 and 3), the atti-
tude measure to be explained. Similar analysis on a larger
purpose-specific dataset would be required that includes
a range of attitude measures.
In combination, these results suggest that influential
strength is affected by source, content, and transparency.
In this study, modelling of smoking behaviour by friends
and family is influential while there is no evidence that
the more restricted group of friends within a class-
room are able to influence attitudes as measured by
susceptibility.
Conclusions
This study provides further evidence that the social
environment influences adolescents in their uptake of
smoking, over and above the contribution of personal
characteristics, with frequency of being in the presence of
smoking (in the same room or car) a particularly impor-
tant contributor. The analysis supports policy initiatives
that alter the social environment, such as banning smok-
ing in cars where children are present.
This study does not provide any evidence concerning
diffusion of susceptibility through friendship networks in
schools. This result suggests that mechanisms of influ-
ence that involve modelling of behaviour, such as regular
observation of smoking, are stronger than potential mech-
anisms that involve people unconsciously adopting their
friend’s attitudes, at least in the case of smoking uptake
by adolescents. To properly assess the potential of suscep-
tibility diffusion over social networks, larger studies are
required that allow broader friendship nominations and,
potentially, also assess attitudes at a younger age.
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